Objective: The objective of this study is to assess the opportunities afforded to and competence of pediatric residents in performing neonatal endotracheal intubations.
Introduction
Approximately 10% of newborn infants require some form of respiratory assistance following delivery. 1 Endotracheal intubation and competent management of the airway are critical to successful resuscitation of preterm or acutely-ill term infants with respiratory distress cared for in the neonatal intensive care units (NICUs). The guidelines of the American Academy of Pediatrics and the International Liaison Committee on Resuscitation suggest that at least one provider skilled at complete resuscitation, including endotracheal intubation, be immediately available for all deliveries. 2, 3 Intubation skills are acquired during residency training through mandatory neonatal resuscitation programs, patient simulators, animal models and from supervised intubation of patients, including neonates. Opportunities for acquisition of procedural skills by residents are often limited because of changing neonatal practice, increased mix of providers and restrictive duty-hour standards for residents. 4, 5 Some reports have suggested that opportunities for residents to receive hands-on education with patients will be further negatively impacted by the recent resident duty-hour changes that went into effect in July 2011. [6] [7] [8] Several studies have demonstrated that the ability to intubate neonates and children is directly correlated to the level of training and experience. [9] [10] [11] [12] [13] However, many residents fail to achieve competence in this skill by the end of their training. [14] [15] [16] [17] Although prior reports have suggested that mock codes, training courses, simulations, in situ training and animal models are effective in enhancing residents' ability to manage pediatric or neonatal airways, [18] [19] [20] residency training programs are required by the Accreditation Council for Graduate Medical Education to document that each resident is sufficiently trained at performing endotracheal intubation. 21 It is uncertain if this requirement is achievable. The current study is a retrospective review of the experiences of pediatric residents performing neonatal endotracheal intubation over a 3-year period at an academic institution before recent changes in resident duty-hours. Our goals were to assess how often and under what circumstances pediatric residents were afforded the opportunity to perform endotracheal intubation on neonates. We hoped to evoke discussion regarding the feasibility and utility of procedural training, specifically neonatal intubation, for residents.
Methods

Study design, setting and participants
This study was conducted in The University Hospital, Cincinnati, OH, USA, a tertiary care center where 2500 infants are delivered annually. Approximately 15% of these infants are products of highrisk pregnancies (premature infants, infants born to mothers with medical problems, major congenital fetal anomalies, and so on). The NICU is staffed by neonatal fellows, neonatal nurse practitioners and attending neonatologists, and it is one of the three hospitals where pediatric residents from Cincinnati Children's Hospital Medical Center Residency Program receive training in newborn medicine. Transfers of outborn infants to this hospital comprise less than 1% of all NICU admissions, and intubation events were excluded from this study if they occurred in the transferring hospital.
All high-risk deliveries are attended by NICU personnel, including at least one resident. A respiratory therapist is present at all endotracheal intubations. Intubation in the delivery suites or in the NICU can be performed by residents, neonatal fellows, respiratory therapists, neonatal nurse practitioners or by the attending neonatologists, all of whom are neonatal resuscitation program-certified. All endotracheal intubations on neonates are performed by one of these categories of providers. No limit is placed on the number of attempts each practitioner is afforded nor on the time allotted per attempt, as long as the infant tolerates the procedure.
Pediatric interns undertake intubation training on ferrets in an animal laboratory to augment their skill. Neonatal fellows participate in high-fidelity simulation sessions every year to enhance their proficiency. Respiratory therapists must perform at least three successful intubations every year to retain their privileges.
Our study is a retrospective cohort study of all endotracheal intubations at our institution over a 3-year period from 1 December 2005 to 30 November 2008. The study was approved by the Institutional Review Board of the University Hospital, Cincinnati, OH, USA. Informed consent was not obtained from the care providers for participation in the study, as the database of intubations reviewed was designed for quality assurance purposes (see below) and providers were not identified by names.
Data collection
A database of all endotracheal intubations performed either within the NICU, or in the labor and delivery suites, is maintained by the respiratory therapists for quality assurance purposes. The database is updated in real-time and periodically checked for accuracy. All respiratory therapists were in-serviced and used the same definitions for attempts and for successful intubations. During the study period, the following data were documented: the date of procedure, number of intubation attempts stratified by health care provider category (attending physician, respiratory therapist, neonatology fellow, resident physician or nurse practitioner), location of intubation, and modes of respiratory assistance before and following intubation. The year of training, names of providers, the duration of the procedure and medications administered before intubation were not documented. Data on all neonates who underwent endotracheal intubation during the study period were reviewed. For the purposes of this study, information on infants listed in the database was cross-referenced with patients' medical records for demographic information, clinical data at the time of intubation and to resolve any discrepancies.
Study definitions
An intubation attempt was defined as the placement of an endotracheal tube past the oropharynx. A successful intubation was defined as such if tracheal placement was confirmed with a capnograph or with an exhaled end-tidal CO 2 detector. The success rate of a practitioner category was defined as the number of successful intubations divided by the total number of attempts. For infants who were intubated more than once during the study period, each successful endotracheal intubation was counted as a distinct event, and circumstances surrounding each intubation were analyzed separately.
An 'emergent' intubation was defined as any situation, which required immediate intubation to secure a patent airway or ensure adequate ventilation, as determined from the review of the patient's medical record. These included circumstances such as sudden/ acute respiratory failure or deterioration, prolonged apnea unresponsive to manual positive pressure ventilation with a bag and mask, and all cardiopulmonary arrests. All intubations during newborn resuscitation in the delivery room were considered emergent. All other intubations were classified as 'urgent'. The day on which an infant was born was defined as day of life zero and the post-menstrual age of an infant was calculated by the addition of the infant's gestational age at birth and the day of life at the time an intubation was performed. The indication for intubation was the primary reason cited in the medical record. Intubations performed solely for suctioning meconium from the airway were not ascertained by end-tidal CO 2 detection and were not included in the database.
Statistical analysis
Categorical variables were described as frequencies and percentages, whereas continuous variables were analyzed using means with s.d. or medians with ranges. The frequencies of intubations were calculated for each of the health care provider category described in 'Data collection'. We evaluated how many intubation attempts were made by each provider category to determine success rates (successful intubations divided by number of attempts).
The w 2 -statistics and Wilcoxon rank-sum test were used to compare categorical and continuous variables, respectively, among practitioners to assess the significance of differences in the demographic characteristics of the infants at time of intubation (post-menstrual age, weight, location, Apgar scores, gender, and so on). We performed additional analysis in which all intubations over the study period were stratified into 3-month epochs (July to September, October to December, January to March, April to June) to assess variations in opportunities for and success during intubations during the academic year. All data analyses were performed using Stata statistical software program (Stata 10, Stata, College Station, TX, USA).
Results
A total of 362 successful endotracheal intubations were performed on 247 neonates, 59% of whom were males, during the study period. A total of 785 intubation attempts were made for an average of 2.2 attempts per successful intubation. Table 1 describes the characteristics of the infants at the time of intubation. The most frequent indication for intubation was respiratory failure from respiratory distress syndrome (36.2%). The majority of intubations took place within the first 48 h following delivery. The most common indication for intubation attempted by residents was respiratory failure (42%), whereas fellows attempted intubation primarily on infants requiring resuscitation in the delivery room (27%) or due to respiratory failure (33%).
The success rate of each category of providers in the study is detailed in Table 2 . Residents and fellows accounted for an aggregate of approximately 90% of all intubation attempts and 80% of successful intubations. Pediatric residents successfully performed 11.9% of all intubations while attempting intubation on fewer than 2 out of 5 successfully intubated infants. Neonatology fellows had the highest success rate (57.3%), whereas residents were the least successful among all practitioners (20.8%; P<0.001). Overall, among all infants on whom neonatology fellows attempted intubation, they successfully intubated over 90% (N ¼ 249/276). Pediatric residents were successful on 31.3% of the infants on whom they were given the opportunity to intubate (N ¼ 43/137).
The differences in the factors surrounding the endotracheal intubations performed by residents or fellows are compared in Table 3 . Residents were more likely than fellows to attempt intubations in the NICU or on older infants (P<0.001), and on larger infants (P ¼ 0.07), but were similar with respect to the postmenstrual age of the infants, P ¼ 0.13. A total of 31% of infants on whom residents attempted intubation were less than 1000 g, compared with 42% of infants on whom fellows attempted intubation (P ¼ 0.03). Fellows were more likely than residents to attempt intubation in emergency situations (P<0.001). These trends were unchanged when analysis was restricted to successful intubations.
There were no significant differences for attempts or successes, based on the year of the study. During the entire study period, residents were more likely to attempt intubation in the second half (January to June) of the academic years (P<0.001). When successful intubations by residents were analyzed on the basis of 3-month epochs during the academic year, there were no significant differences in success rates for residents by time of year (Cochrane-Armitage trend test, P ¼ 0.88).
Discussion
Our study showed that pediatric residents were afforded opportunities to perform endotracheal intubation in approximately one in three infants during the study period. Despite increased opportunities to intubate larger, more stable infants, in the more controlled setting of the NICU, residents were successful on only one in five attempts, or in one of three infants. These data are consistent with previous studies, which have shown a failure of residents to demonstrate competency in performing this potentially life-saving intervention. 9, 11, 14, 17 We were surprised at how sparse the opportunities were for residents to attempt endotracheal intubation. Even though one or more pediatric residents are in-house at all times in the NICU and attend all high-risk deliveries, residents attempted intubation in less than 40% of all infants that required this procedure. Findings from the current study are similar to a recent report that residents were accorded first attempt at invasive procedures in the NICU about 35% of the time. 5 That study was limited by the small sample size of 64 intubations performed by 5 categories of providers. In our study, despite a general trend towards more opportunities later in the academic year, attempts by residents did not exceed 50% during any 3-month period. In addition, increased opportunities did not translate to higher success rates. Although prior reports have detailed the low success rate of residents in performing intubation, 9, 11, 12, 17 we believe that the more revealing data in our study lie in the paucity of opportunities to perform this procedure, which is likely directly responsible for the low success.
The total number of endotracheal intubations in neonates is dwindling for several reasons. Nationally, there has been a growing trend towards increased reliance on less invasive respiratory support, such as bubble continuous positive-airway pressure and laryngopharyngeal mask. The use of antenatal glucocorticoids has reduced the incidence of severe respiratory distress syndrome requiring endotracheal intubation in the delivery room. 22, 23 Similarly, the advent of new technologies that have improved outcomes and a decline in 'routine' endotracheal intubations solely for surfactant administration or for suctioning of meconiumstained amniotic fluid from the airway, have further reduced the number of endotracheal intubations. Consequently, fewer a Sum of percentages add up to greater than 100%, as multiple practitioners attempted intubation on the some patients before successful intubation. b Based only on those patients on whom attempts were made by that practitioner. Neonatology fellows and attending physicians need to be adept at intubating infants. 4 Mid-level providers, such as nurse practitioners and respiratory therapists, who work solely in the NICU setting, also should be skilled in performing intubations. This begs the question whether pediatric residents, who rotate through the NICU for 4 months during 3 years of training, need to be competent. The vast majority of graduating pediatric residents will neither be sufficiently skilled nor would they require intubation skill in routine general practice. Perhaps the limited opportunities to perform intubations should be reserved for the primary NICU personnel.
Historically, experience in procedures was obtained during residency with the goal of training pediatricians to be able to care for children of all ages in all settings. Yet, it is arguable whether this goal remains valid or achievable in an era of ever-increasing sub-specialization or with the implementation of restrictive resident duty-hours standards. 7, 8 Training programs will be required to identify alternative and innovative strategies to ensure sufficient clinical and procedural training for residents if procedural aptitude remains a goal of residency training. An increased use of mock codes, simulation labs and other training modalities may help to provide residents with the skills necessary for independent practice at the conclusion of training. The creation of critical care tracks comprising procedure-based elective rotations may enhance the education of those residents pursuing careers in which procedural expertise is expected.
Although the Accreditation Counsel on Graduate Medical Education requires competence in endotracheal intubation as part of the pediatric residency training, no definition for procedural competence is outlined in the common program requirements. 21 In general, documentation of procedures performed is accepted for the purpose of graduation. It is debatable whether this is an appropriate proxy for the skill achieved. A study by Falck et al, 11 in which competence was defined as successful intubation in greater than 80% of attempts, reported that no resident groups (by year of residency training) met this criterion. A similar study of trainees at various levels, which defined competence as a 90% success rate, found that approximately 47 attempts at intubation were needed to achieve this level of skill. 24 We do not have the data on the performance of individual residents during our study to be able to determine what proportion of residents would be considered competent by those previously-used definitions. Nevertheless, given how few opportunities were available for residents, it would be unrealistic to expect that competence could be achieved simply from clinical exposure in our NICU. And, there are arguably fewer opportunities for intubation in the two other NICUs where residents receive training in our training program. One of these is a referral hospital where most of the infants are admitted already intubated or where nurse practitioners have a predominant role in caring for critically ill neonates. Therefore, it is unlikely that residents are afforded the opportunities to become competent at neonatal endotracheal intubation during residency through clinical exposure alone. Our findings are likely generalizable to most academic, university-based training institutions.
There are several limitations to our study. The study was a retrospective chart review, and therefore at risk for confounding and ascertainment bias. Respiratory therapists were present at all intubations and the database is maintained in real-time, thereby minimizing errors and omissions, which would appear more favorable for particular groups of providers (fellows vs residents).
We were also unable to analyze success rates by the year of residency/fellowship training or on an individual level, because specific providers were not identified in our database. It is possible that performance improved with higher year of residency experience, as has been reported in previous studies.
11,13 However, we were unable to track individual residents over the study period. As a corollary, although improbable, the low success rate of residents may have been exaggerated if the majority of residents performing intubation were interns. In addition, we did not observe a significant difference in success of intubation by time of year, suggesting that additional months of training did not appreciably enhance success rates. Another limitation is that data were not available regarding the administration of medications before intubation. Studies have shown that the use of premedication for elective endotracheal intubations decreases time and enhances success rate. [25] [26] [27] [28] [29] The American Academy of Pediatrics recommends the use of premedications for infants intubated in non-urgent settings. 30 In our practice, intubations performed in labor and delivery suites are generally not premedicated, because of the urgent nature of these procedures, although those infants intubated in the NICU routinely receive pre-procedure medications. The majority of intubations performed by the residents in our study were in the NICU and in non-emergent situations. Finally, our definition of intubation attempt differs from that used in other studies. 9, 11, 24 Although our conclusions are similar, it is difficult to draw a direct comparison with these studies, as our database was designed primarily for quality assurance rather than for research studies.
In conclusion, we found that pediatric residents had few opportunities to perform endotracheal intubation on neonates, and success rates were low even though attempts were made on relatively stable infants. The necessity for residency programs to require competency in critical care procedures is arguable. Our conclusions are likely to be generalizable to teaching institutions where neonatal intubations are performed by multiple categories of caregivers. For trainees whose careers beyond residency demand competency in endotracheal intubation and other critical procedures, programs will need to devise innovative training strategies, including immersive simulation and interactive learning that will integrate cognitive and technical skills. Future studies will need to address the impact of new duty-hour restrictions on opportunities and the necessity for residents to be skilled in endotracheal intubation.
